Six hundred and twenty-seven cDNA clones from human brain cDNA libraries were characterized and integrated into a transcript map of the 1-Mb region on human chromosome 4pl6.3 containing the Huntington's disease (HD) gene. Six hundred and seventy-two cDNA clones were obtained by a direct screening of the cDNA libraries, probing with pools of single copy microclones generated from the HD region specific yeast artificial chromosome (YAC)-DNA. So far, 93% of the obtained clones (627 cDNA clones) have been mapped onto the 1-Mb HD gene region by hybridization with HD region-specific cosmid, PI and YAC clones. DNA sequence and expression analyses revealed that several cDNA clones might encode novel genes, some of which are situated within or close to the IT15, IT11, and a-adducin (ADD1) gene region, suggesting the presence of the overlapping genes in this region. This collection of cDNA clones will greatly facilitate the construction of the complete map of the transcripts in the HD region.
Introduction
developed. 5 2 1 Among these methods, two common procedures, exon-amplification 10 and cDNA-selection, 11 " 13 The construction of the complete transcript map of the have often been used to aid positional cloning efforts as human genome is fundamental to our comprehension of w e n ^ f or t n e isolation of cDNAs from megabase-scale the functional significance of chromosomal and transcrip-reg ions of the genome. These methods are amenable to tional organization. Two general procedures have been g e n e isolation from a particular region of the genome but attempted to generate transcript maps. One is a random USU ally only identify a part of gene, with considerable isolation of cDNA clones and subsequent mapping analy-w o r k remaining to elucidate the structure of the entire sis including sequencing of clones isolated. A large num-transcript unit. We felt that contiguous alignment of a ber of expressed sequence tags (ESTs) have been gener-high density of physically defined cDNA clones would be ated using this approach, 1 but only a limited fraction are a n effective means of defining the full-length transcript, being mapped accurately. 2 ' 3 The second approach is to The terminal portion of the human chromosome 4pl6.3 isolate and characterize chromosome region-specific tran-i s o n e o f the most well analyzed regions in the human scribed DNAs. The latter approach has the potential genome; many transcribed sequences have been cloned as benefits of expediting the search for disease-causing genes a p a r t o f the effort to identify the Huntington's disease by using a positional candidate approach, 4 and helping (HD) gene. More than 150 cDNA sequences have been to elucidate the organization of defined regions of the isolated from 2 Mb of the 4pl6.3 region containing HD genome. g e n e by exon amplification, cDNA selection, 22 " 25 CpG To isolate and identify the genes encoded in a par-island-based method 7 and cDNA library screening. 21 ' 26 ticular region of the genome, various methods are being However, to date only 4 transcripts 27 " 32 In moving towards a complete transcriptional map of the HD gene region on human chromosome 4pl6.3, we report here large-scale isolation and characterization of cDNA clones. The method employed relies on direct screening of cDNA libraries with pools of single copy microclones generated from the HD region specific yeast artificial chromosome (YAC) DNAs. We have isolated 627 HD region-specific cDNA clones, and mapped these clones to within a 1-Mb interval of human chromosome 4pl6.3. The isolation and extensive characterization of the cDNA clones is described.
Materials and Methods

Cell and Genomic DNA
GM10115 (NIGMS Human Genetic Mutant Cell Repository) is a human/CHO somatic cell hybrid that contains chromosome 4 as its sole human constituent. The irradiation-reduced hybrid C25, which retains human chromosome 4pl6.1-pter, was a kind gift of Dr. Richard M. Myers (The Stanford Human Genome Center, Stanford University School of Medicine). GM10658 (NIGMS Human Genetic Mutant Cell Repository) is an HPRT-deficient CHO cell line, RJK88. Genomic DNA was extracted from the cell lines and human lymphocytes by standard procedures. 33 
Cosmid, PI and YAC-clones
Thirty-two cosmid clones (#1, L21fl2; #2, L185e6; #3, L219b8; #4, L113b6; #5, L27fl2; #6, Llc2; #7, L69f7; #8, L161a8; #9, L83d3; #10, L191fl; #11, L195c9; #12, L2flO; #13, L165d7; #14, L96f8; #15, L3g9; #16, L25a3; #17, L33f6; #18, L86c3; #19, L247f6; #20, L261hl2; #21, L145e5; #22, L26el2; #23, L30gl; #24, L241c2; #25, L185f6; #26, L139h8; #27, L65cl; #28, L212a9; #29, L79f5; #30, L95e6; #31, L242e7; #32, L118d5), one PI clone (91K3), and 7 YAC clones (117H7, 353G6, 70D11, 2A11, 177B7, YGA5 and YGA10), 34 ' 35 all of which map to an approximately 2-Mb region of 4pl6.3 containing the HD locus, were both utilized as probes as well as for blotting in the fine-mapping of the cDNA clones.
Generation of single-copy microclone pools
YAC DNA from 3 YAC clones (353G6, 70D11, and 2A11) spanning 1 Mb containing the entire HD locus was isolated within an agarose gel plug and separated by preparative pulsed-field gel electrophoresis (PFGE) as described previously. 36 To amplify the entire sequence of 353G6, 70D11, and 2A11 DNA, two independent methods were adopted. One is the single unique primer-polymerase chain reaction (SUP-PCR) method which results in the amplification of a majority of all sequences in a given template DNA using a single unique oligonucleotide, BVE22cc (5'-TAGATCTGATATCTGAATTCCC-3') as a primer.
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The second approach employs the Linker-Adaptor (LL)-PCR method. 38 Six independent libraries (three SUP-PCR-derived and three LL-PCR-derived microclone DNA libraries) were generated using Agtll phage vector. The cloned insert DNA of these libraries ranged in size from 150 bp to 1100 bp, with an average size of approximately 300 bp. To obtain a high-quality probe for the screening of the cDNA libraries, repetitive, ribosomal DNA and YAC vector DNA sequences were eliminated from these libraries using plaque and/or dot hybridization, followed by pooling of the single copy microclones. Nine pools, each containing 800-900 single copy microclones were generated.
cDNA library screening
Three human brain cDNA libraries (fetal brain cDNA library; Stratagene SC936213, striata cDNA library; Stratagene SC936206, temporal cortex cDNA library; Stratagene SC935205) were used in this study. Each cDNA library (6-7 x 10 5 pfu) was screened with each pooled probe at a concentration of 2-3 x 10 6 cpm/ml and a specific activity of 1-2 x 10 9 cpm///g DNA. The membranes were washed under stringent conditions (0.1 x SSC, 1%SDS at 65°C) and exposed to X-ray film (X-OMAT, Kodak) at -80°C with intensifying screens (DuPont) for 3-5 days.
Subcloning of the cDNA clones
Positive cDNA clones were subcloned into pBluescript SK(-) using in vivo excision procedures. 39 Plasmid DNA was extracted from positive cDNA clones by an automated plasmid DNA extractor PI-100E (Kurabo), and purified by QIAprep8 silica membrane (QIAGEN).
cDNA sieving
The colonies derived from positive cDNA clones were picked, transferred into 96-well microtiter plates, and gridded onto membranes. These membranes were used for the preliminary physical mapping of each positive cDNA with 32 cosmid, single PI and 7 YAC clones as probes. Briefly, cosmid, PI or YAC DNA radioactively labeled by a random priming method 40 was preincubated with excess denatured human placental DNA, and hybridized to the colony-gridded membranes in Church buffer. 41 The membranes were washed under stringent conditions (0.1 x SSC, 1%SDS, 65°C). The signals were detected by autoradiography. 
Map-back of the cDNA clones
To confirm the origin and physical location of the cDNAs. and to characterize the cDNAs (e.g.. unique/repetitive/chimcric), some of the randomly selected cDNAs were subjected to Southern blot analysis using the procedure as previously described. 21 We prepared two kinds of mapping panels for this purpose: 1) YAC/hybrid cell panel; genomic DNA blots consisting of .EcoRI-digested genomic DNA from human lymphocyte (5 fig). GM10115 (8 fig), C25 (8 fig) and GM10658 (5 fig), 117H7 (50 ng). 353G6 (50 ng), 70D11 (50 ng). 2A11 (50 ng). 177B7 (50 ng). YGA5 (50 ng) and YGA10 (50 ng). 2) cosmid DNA panel consisting of 32 i?coRI-digested cosmid clones (40 ng). cDNA clones were labeled with 32P by random priming, 40 blocked by an excess amount of denatured human placental DNA and hybridized to panels in Church buffer. 41 The membranes were washed with 0.5 x SSC/1%SDS at 65°C.
Analysis of DNA sequences and database searches
Double-stranded DNA was sequenced by dideoxy sequencing 42 using the Taq DyeDeoxy terminator cycle sequencing kit and an ABI 373A DNA sequencer. A single-pass sequencing of the cDNA clones using SK-2 (5'-GGCCGCTCTAGAACTAG-3') and KS primers (5'-CGAGGTCGACGGTATCG-3') was performed. Detection and the alignments of overlapping sequence was performed using Sequensher Version 2.1 (Gene Codes Corporation). Non-redundant sequence was compared with the non-redundant nucleic acid sequence database (nrnt) using the BLASTN program and non-redundant protein sequence database (nr-aa) using the BLASTX. 43 Human repetitive sequences were detected and classified by the Pythia program (version 2.5, Rpt service). 44 Furthermore, protein-coding potential was assessed by using the coding recognition module of the GRAIL (la) e-mail server. 40 Primer sets were generated for the unique sequences to yield expressed sequenced tagged site (eSTS)-PCR and facilitate reverse transcription (RT)-PCR. All primers used in this study were designed using the PRIMER0.5 (Whitehead Institute) program and synthesized with an ABI 394 DNA/RNA synthesizer.
Northern blot analysis
Northern blot analysis was carried out as previously described 21 using total RNA from human tissues (brain, cerebellum, heart, thymus, lung, liver, spleen, kidney, placenta and testis) purchased from Clontech.
Reverse transcription (RT) PCR analysis
RT-PCR was performed using the SuperScript preamplification system (Gibco-BRL) according to the manufacturer's recommendations. The human brain total RNA (Clontech) was treated with DNase I (TAKARA), purified and subjected to RT-PCR. The first-strand cDNA was synthesized using random hexamers. and PCR was carried out using the eSTS primer sets.
Results
Isolation of the cDNA clones derived from 1 Mb
HD region by cDNA sieving A total of 1.6-1.9 x 10 7 plaques from three individual human brain cDNA libraries were screened with 9 independent probe pools generated from the single copy microclone pools (Materials and Methods). In total, 412. 188, and 72 positive clones were obtained from the fetal brain, the striata, and the temporal cortex cDNA libraries, respectively. Positive clones were then subcloned into plasmid using an in vivo excision method, followed by EcoRl digestion to determine the insert size. The inserts ranged in size from 0.1 to 6.0 Kb.
The membranes comprised of the gridded cDN A clones were serially hybridized with 32 cosmid, single PI clone, and 7 YAC DNA probes in the process we termed cDNA sieving. Ninety-three percent of 672 positive cDNA clones (627 clones) hybridized with either cosmid, PI or YAC probes. The 627 cDNA clones were then arranged into intervals defined by the regions of cosmid, PI and YAC overlap (Fig. 1) . The signal intensities of each clone were arbitrarily classified into four groups. The wide range of cross-hybridization observed with cosmid^3 was confirmed to be non-specific (data not shown), possibly a result of the low-repeat sequences in this region of the genome. The remaining 45 positive cDNA clones were localized on human chromosomes other than the 4th chromosome, suggesting the false-positives, and they were eliminated from this study.
Localization of the cDNA clones by Southern blot
analysis To ensure the results of cDNA sieving. 153 randomly selected cDNA clones from 627 cDNA stocks were subjected to Southern blot analysis using YAC/hybrid cell and cosmid panels as mentioned above. Representative results with 6 clones (NF5, NF124, QS73, OF74, PF16 and NF119) using the hybrid/YAC panel are shown (Fig. 2) . All six clones hybridized with total human genomic DNA, somatic cell hybrid GM10115 carrying human chromosome 4, and radiation hybrid C25 which retained human chromosome 4pl6.1-pter. Clone NF5 (Fig.  2a) and NF124 (Fig. 2f) hybridized with YAC 353G6. Bands were also observed in the lanes of YAC 353G6 and 70D11 for clone QS73 (Fig. 2c) . and in the lane of YAC 70D11 for clone OF74 ( containing the entire HD locus. A second example of the hybridization of 5 clones (NF5. XF124. QS73, OF74 and PF16) to the cosmid panel is also presented (Fig.  3) . Cosmid#l. #7. #10. #19 and # 2 4 / # 2 5 hybridized with clone XF5. NF124, QS73. OF74 and PF16, respectively. These representative clones clearly localize within a 1-Mb region on human chromosome 4pl6.3. The remaining 147 clones which were tested also mapped to the 1-Mb interval (data not shown). The one exception was clone XF119 which showed no positive signal on the cosmid panel even though the clone mapping to the 4pl6.3 region by Southern blot analysis (Fig. 2d) . suggesting a deletion in the cosmid clone.
With the confirmation of the physical mapping of the cDXA clones, their sequence was next assessed. Initially. Southern blot hybridization analysis was undertaken. Clone PF16 hybridized with CHO (Fig. 2b) . exhibiting cross-species sequence conservation. Banding patterns suggestive of chimerism were observed for OF74 ( Fig. 2e ) and XF124 (Fig. 2f) . Smeared signals suggestive of repetitive sequences were detected with QS73. XF119 and NF124 despite the blocking repetitive sequences used in our protocol. So far we tested, approximately 50% of the 627 positive cDXAs isolated were unique. 35% were chimeric, 14% were repetitive and 1% was inconclusive.
Sequence analysis of the 627 cDNA clones
Six hundred and twenty-seven cDNA clones, including chimeric or repetitive clones, mapping within 1 Mb of the HD region were sequenced from the both ends, a total of 1254 single-pass sequences. The sequences were aligned using a computer program (Sequensher 2.1). The false contigs generated by the repetitive sequences and/or the chimeric sequences were corrected manually. The resulting 495 non-redundant sequences were subjected to homology search using the BLAST program. 43 Human repetitive sequences were identified and classified with the Pythia program. 44 The protein-coding potential within the sequences was also inferred by the GRAIL program. 45 A portion of these results are summarized in Table 1 . Three hundred and ninety nucleotide sequences which were not identical to known genes (IT15. IT11 and ADD1) have been deposited in the GSDB. DDBJ. EMBL and NCBI sequence databases under Accession Nos. D44612-D45001.
We compared our sequence data with four full-length mRNA sequences, ADD1, IT15. ITU and IT10C3 : which were previously isolated and mapped within the 1-Mb HD region.
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Expression of the cDNA clones by
Northern blot analysis Seventy-two non-chimeric cDNA clones randomly selected from the 627 cDNAs were assessed for expression by Northern blot analysis using total RNA. Of the 72 clones, 47 detected bands which could be classified into 6 distinctive sizes (13.0 kb, 11.0 kb, 9.2 kb, 5.4 kb, 4.0 kb and 2.8 kb. Fig. 4) . Clone OF46 and KS30 hybridized with ll/13Kb and 4Kb transcripts, respectively (Fig. 4a.  b) . Their mapping and sequence of these two clones suggested that they encode a part of IT15 and ADD1 transcripts, respectively. MF44 encoded a portion of a novel 9.2-kb transcript with significant renal expression (Fig.  4c, Fig. 6 ; RES4-23). Goldberg et al. 22 detected a 12-kb transcript in the same location by probing with the regionally mapped EST (GT24), the DNA sequence of which does not match our cDNA sequences. We therefore amplified the GT24 sequence from human genomic DNA and used it as a probe in Northern blot analysis. This analysis yielded the same transcript size and organ specificity as MF44 (data not shown), suggesting that both MF44 and GT24 encode the same transcript. The reason for the discrepancy in transcript size between the previous study and this report (12 kb vs 9.2 kb) is unclear. PF16 encoded a novel and ubiquitously expressed 5.4 kb transcript, possibly corresponding to the transcript previously reported (GT43, 131, 154, 164, 159x and 159y). 24 We have designated this transcript as RES4-22, and have determined its complete nucleotide sequence (Ishida et al, unpublished) . OS33 encoded a novel and ubiquitously expressed 2.8-kb transcript, possibly corresponding to the transcript previously reported (GT123 and GT126). 24 We have designated this transcript as RES4-26.
Mapping and expression analysis of the cDNA by
PCR We next analyzed the expression of the 137 cDNA clones which mapped to the interval between cosmid^l and #15 (~ 450 kb region covering IT 15, IT 11 and IT10C3 genes). Northern blot analysis revealed no transcript in this region with the exception of IT15 (data not shown). We therefore used RT-PCR to examine the expression of the cDNA clones. First, we selected 116 of 152 non-redundant sequences originating from 137 cDNA clones, none of which contain IT15 sequences with the exception of PF58-S; PF58-S was used as a positive control (Fig. 5, lane 4) . eSTS-mapping and BLAST search in conjunction with the physical mapping experiments revealed that 76 sequences of 116 non-redundant sequences localized to the cosmid#l-#16 interval (Table 1 . pink background). The remaining 40 sequences have not been correctly mapped to the HD locus (Table 1 . white background), indicating that these sequences were derived from the chimeric or repetitive cDNA clones. The HD locus-specific eSTS primer sets are listed in Table 2 . Seventy of 76 mapped sequences were detected the amplified CTGTGATGTGTGAGTTCTGGC  GAGCAGTCACTACAGGATCGC  AGTGTCTTCAAAACTGTCAGCA  TCTCTGACCAGTAAAGCTGGC  TAGTTTGCCAATGGCTTGC  ACCACTGTAGTTGGTGGATGG  CTTGTCTGCATGGGGACC  AGCCAACACACGCCTCTC  GGAGAGAGTGGAAGGCAGTG  GCAGGGTCTTCCTCTCCAG  TTTGCTCTATTTGATTTTGGGC  CAATACGAGACCAGTTTTGCC  GCAACTGTCACTTCGTATCAGG  CGATTTTAACAACCTCCTGAGG  TCCTTTTCTTAGGGCTGAAGC  AGCGGAATTCACAAAAGGTG  TCCTCCTGATTCTTTTCTCTGC  CTCTGACGACTTGAAGATGCC  ATGGTGGAAATGCTACTGGC  CCCCAGGAGAGAAGCTGTC  GCTGGTCATTATCATAGAGCCC  ATCAGCTCACGGTCTGGC  AATCCTGGGCCTACACAGTG  GATGGCTCAGAGACAGGTCTG  AGACCCACAGTGGGTAGCAC  TCAGCATGTACTTCCTCCCC  TTGGGTTATTTTAATTTGGACC  ACTGGCATTGCAAAAGATAATG  TGTCACTTCACCAGCTGGAG  CAGGCATGGGATCTGGAC  AGGGTTAACGAGGCCTGG  GAATGCCTTCTTTTCCATTCC  GATGCTGCACTTGTATCAGTCC  TCCTCTTTCTCAGGAGGAAGG  CTGCACAGCAGAAAAAGTTCC  TCATTGTCATGTCACCTTAGGC  GAGAACAAGGGTTTGCAAGG  AAGCCCAAATAAGTCTGGGG  CCTCTAAACACAGGACTCCCC  AAGACCAAGCCAGGGGAC  GTGGTATTCCAGATGGGGG  TATGGCACTCCCTTGACCTC  ATGCTTGTTTTCCACTTGTGG  GCTGGTTCTCCCTTCAGTTG  ACAGCTGCGATGGACTCAC  TGCTGAAAGAGAAAAGAAAGGC  GTGTGGTTGGAAATGGTATACG  CCTAGCTGACGCATCAAAG  TCTTTTCCATGAATCTGATTGC AACCTGCAAACCAAAAGGTG  CTAAGTGGCTGTGACTTCATGC  CAAAGAAGACAAACCTGTTCCC  ACATGCGGCTGTCTCTGAC  GTCTTTTGGAAGCAGAAGTTTG  CTAAGAACCTTGGAAATGGGC  TTTTTGAGTCCCTGTGGTCC  CAGAAGAGCACCCCAGAAAG  ACAGACACAATGCCGAACAGC  GGAAGCGAACTCTGAACTGC  CCATGGTGGGACAGATATCC  CACACCCAAACACCACAAAG  GTGGGTGTCTCCCAGTGC  AAGAAGAGGTCAGGAAGCAGG  CCACATTTGAGCAACCAGG  CAGCGCGTTGAGATGATG  AAGGCAGACAGTGAAGGTCC  TTGGAGGATGACTCTGAATCG  TGGGAATTTCTAATTTCTGCTC  TCCATGTAGATTTTGGGTTTCC  ACCCACCAGACCTCACAGTC  CTCATGCATCGCATCTCG  TGGCTAAACAAAAGGGTTGC  GTTCAAATGCAGCTGAAATACG  AAAGGCAGGTGTGTACCTGG  CCACTTATTGGAGGCTCTGC  GCCAACTTGAAAACAAAGATCC  CCTGAGGTTATTATGAGACGGC  CATTGTACTGGAAAAGCAGCG  ATGGCCTTGGAAACAAACTG  AGCCTGTTCGCAACAACAG  ACAACAAGTAGGCACCCTGG  GTTGTTGTTTAGAGACAGGGCC  TGTCCTTCACATCCCTCTCC  GGGACTGAAGGAGGAGAACC  CTGAAAGCTGTCTGTTTTGGG  GCTCAGAGCAAGGTGGTTTC  TAAAACTTAATTCCTTCCCCCC  ATCAAAGGCAAAATTCAATTCC  AGTTCATCCTCATCCTCCTGC  TCCAAAGCGTCTGTGGTTC  TAGCCCTGTCCTTTCCCC  AAAGCATGAAATGCATGAAGG  AGGCTCTGGGTACCCTGTG  CTAAGACTCCAGGACCATTTGG  TTACAATTTTCCACACTCACCG  TCCACCCTGAAGTACTTCTTCC  CTGTGTGTAATCTTGGGGTGG  CTGGATAGAGGAGCGATTGC  AACATTCTTTTGGCCAGGC AAACCTCCTGTGGTGTGATTG  GTAACACTGGACACCCTCTTCC  GGACACAGACACACCCACAG  ATAGCAGGGAAGAAGAAAGCG  AACTGTGGAAACGAACACTGG  CAGCAAGGTCCTTTCCAGAG  ACCAGACTCCTCCTTAGCAGC  CTGTTGCAGCAGCTCTTCAG  TGAATTGGGACAGGTAACAGC  GCTCTCTCTGCTGGGTCATC  AAAACTCTTCAGTGCTTGGAGG  ATTTCTACCCGGCGACAAG  CTCTGAATGCCTGTCAGAAGG  GTTTGCTCTCTCAAGCCCAC  GGTCATGATACAAATGCAGGC  TATTGCCTGTTGCAGTGTTTG  AACTGTGGCAGTGATAGGGG  CATCCACAGCACTGCCTG  GCCAGGCTGTTAAAAAGCTG  AAATCCGCAAGGACAATCAG  AGCTGCCCTACACGTTCG  TCTGGATTCTCTCCACCACC  GTCGGCTAGCATGTTGTAAGC  GATAGATGCTGGGCAGAAGG  GATCACAAGGGTGGCACAG  CGTGCAGCTGTAGCTGTTTC  ACGGTAGAGTTAATGGGTGATG  AACTGGGGTTTTATCCCTGC  ATCTACGCCAGTCGCTGG  GAGAAGACCCAGCAGGAGTG  TTGGCTCCTCCAGTGTGAG  GAGGTGTCGTTCTCCTGCTC  GTCCTGGCCAGTGGTGAG  AATCTCTGCTGCAGTCTCTGC  CTGGCCTGTATCCTTAAAGGG  GGACTCCTCCCTTTCTTTGG  AGATGATTGCAACCTCCACC  AAAACCCCACAAATTACCTGG  AGCACTTGGTCTGTGTGTGC  TCTAGCAGTAGGCGTAGCAGC  AACAGGAAGGGTGATGATGC  ATCCCAGGCATCAGTTCTTG  CTACCCGGACTGACTTTCTCC  CTCTGAGCAGCTCTCCCG  GGTCAAAGTTGAGTGGAAGACC  GCATGTCCCAAATCCTGC  CTTAGCATAATGTCCCCAAGC  AAAAGCAACTCCATTTCTGGG  GTTGCAGGCCATATGCAAC 
